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ABSTRACT
The genus Eucalyptus has been widely introduced into many regions of the world outside its native
range and has become invasive in some Mediterranean biomes (e.g. in southern Africa and
California). In the Mediterranean Basin and Europe, eucalypts were introduced at the end of the
18th century. However, natural regeneration events in these regions are recent in time and limited
in terms of affected areas, except for the Iberian Peninsula. An updated overview about the natural
spread of Eucalyptus species in Italy is still lacking. This paper aims to fill this knowledge gap, using
both published data and unpublished field data regarding naturalisation events, with a specific
focus on Sicily. Three species have naturalised on the island: Eucalyptus camaldulensis, E. globulus
and E. occidentalis. According to our data, E. camaldulensis showed a clear ‘switch’ in the past
decade towards naturalisation and invasive behaviour on the pebbly shores of watercourses that
have a torrential rainfall regime and erodible substrates, threatening native plant communities and
species. Alluvial forests with Alnus glutinosa were found to be particularly vulnerable to E. camaldu-
lensis invasion. This is significant because the A. glutinosa communities are a native habitat of
particular conservation value and protected under the Habitats Directive 92/43. The uncontrolled
spread of Eucalyptus species may represent a higher threat to native biodiversity than previously
considered. The situation in Sicily could be indicative of the invasion process by eucalypts currently
ongoing around the Mediterranean Basin, the management of which requires special attention,
urgent action and sound choices.
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Introduction
The genus Eucalyptus (Family Myrtaceae; L’Héritier de
Brutelle 1788), consisting of more than 700 species
(Paczkowska & Chapman 2000; Slee et al. 2006), mostly
trees native to Australia, has been widely introduced outside
its native range, particularly during the last two centuries.
The success of such introductions has to be attributed to the
peculiar biological traits of eucalypts, such as rapid growth
rate, ecological plasticity and pioneer features. The introduc-
tions have also been encouraged by the many utilities that
eucalypts are able to provide, including forest products
(cellulose, firewood, poles, essential oils, pulpwood), envir-
onmental applications (dune stabilisation, windbreaks, recla-
mation of marshlands), and ornamental and aesthetic values
(Forsyth et al. 2004; Ritter & Yost 2009; La Mantia 2013). The
high growth rates of eucalypts place them among the
woody species most frequently used worldwide for silvicul-
ture (Florence 1996), as well as for arboriculture and short
rotation coppices. For these reasons, extensive plantations
have been established in the Mediterranean Basin, particu-
larly on the Iberian Peninsula, but also in southern Africa,
California, China and Brazil.
Although the Eucalyptus genus is valued for its utilitarian
traits, it is also represented in the Global Compendium of
Weeds (Randall 2012), where more than 100 eucalypt spe-
cies are listed. However, so far this genus is currently
underrepresented in invasive alien flora databases world-
wide (Richardson & Rejmánek 2011). This is in contrast to
other widely introduced tree species such as Acacia spp. and
Pinus spp., both including a large number of well-known
invasive taxa (e.g. Pasta et al. 2012; Badalamenti et al.
2014). This circumstance led Forsyth et al. (2004, p. 76) to
state about eucalypts: ‘They have, however, been markedly
less successful as invaders than several other tree genera (for
example, pine trees in the genus Pinus) that have enjoyed
similar levels of dissemination as aliens’.
Eucalypts mainly invaded the Mediterranean biomes of
the world, but in the Mediterranean Basin natural reproduc-
tion events are recent in time and limited in terms of
affected areas, except for the Iberian Peninsula (Andreu
et al. 2009; Fernandes et al. 2016). The two most widespread
species in the world are Eucalyptus globulus Labill. and
Eucalyptus camaldulensis Dehnh., which have a different nat-
ural distribution range, reflecting auto-ecological differences
(Burges 1968; Paczkowska & Chapman 2000). Eucalyptus glo-
bulus has become naturalised in several areas with oceanic
and sub-tropical climate, but also in Mediterranean countries
such as Spain (Sanz-Elorza et al. 2001), Rhodes island in
Greece (Galanos 2015) and Sicily (Italy) (Giardina et al.
2007). Eucalyptus camaldulensis showed a marked preference
for Mediterranean-climate areas, including California, South
Africa and the Mediterranean Basin (Ritter & Yost 2009;
Tererai et al. 2013), where it naturalised in Spain (Sanz-
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Elorza et al. 2001), Portugal (Almeida & Freitas 2006), Greece
(Arianoutsou et al. 2010), North Africa (Vilà et al. 1999) and
Italy (Celesti-Grapow et al. 2010).
Some consistent patterns have been found in eucalypt
invasion worldwide. In many areas their current invasive
status is still under debate, and subject to discussions and
revision. In South Africa, seven Eucalyptus species had been
listed in the Conservation of Agricultural Resources Act 1983
(Act No. 43), and were subject to stringent limitations for the
cultivation and trade to prevent their further spread.
However, a recent paper showed that only E. camaldulensis,
Eucalyptus grandis W.Hill and Eucalyptus lehmannii (Schauer)
Benth. have been considered invasive (Forsyth et al. 2004).
Eucalyptus camaldulensis is also regarded as transformer
species (sensu Pyšek et al. 2004), due to its ability to deeply
change the structure and functioning of riparian habitats, as
well as seriously threatening native biodiversity.
In California, 374 Eucalyptus species have been intro-
duced since 1853 (Ritter & Yost 2009). Among them, how-
ever, only 18 species have found suitable conditions for
natural regeneration and survival outside cultivation, becom-
ing naturalised; the two most common species are E. camal-
dulensis and E. globulus. Both species are considered harmful
aliens for the conservation of semi-natural and natural habi-
tats in Spain (Sanz-Elorza et al. 2001). In Spain, the cost
incurred for the control of eucalypts between 2000 and
2009 amounted to €30 million, about 60% of the total
costs incurred for all the invasive alien plants (Andreu et al.
2009). In Malta, the propagation, sowing and planting,
import/export, transport and sale of E. camaldulensis and
Eucalyptus gomphocephala A. Cunn. ex DC. are prohibited,
due to their negative ecological impacts (MEPA 2013).
Portugal deserves a particular mention, probably being
home of the first known naturalisation event of eucalypts
in Europe, concerning E. globulus in 1943 (Almeida & Freitas
2006). Eucalyptus camaldulensis was observed as naturalised
about 30 years later, and four other species by the end of
the century. However, the current threat posed by eucalypts
for native ecosystems conservation is still debated in that
country (Fernandes et al. 2016). Although the ability of seed
dispersal by different Eucalyptus species has been investi-
gated within native ranges (e.g. Cremer 1977), there are few
quantitative studies of dispersal ability and the establish-
ment of seedlings in the secondary range. Systematic sur-
veys of E. globulus under natural conditions have only
recently shown that the species has a limited ability to
invade new areas, despite possessing an outstanding resis-
tance to wildfires and human disturbance (Catry et al. 2015;
Fernandes et al. 2016).
All the evidence suggests that the naturalisation of euca-
lypts worldwide is a fairly recent process, which has signifi-
cantly increased since the end of the last century. Such
observation has stimulated research, debates and discus-
sions about the current status, the future trends and poten-
tial risks associated with eucalypt invasion worldwide, as
well as management implications. However, the knowledge
necessary to address these issues in Sicily and Italy is still
lacking.
This study aims to provide an updated overview of the
knowledge about the introduction history and naturalisation
events for Eucalyptus species in Italy and Sicily. It includes a
thorough review of the available literature and provides new
additional data from two decades of field observations. The
information collected has been used to identify the potential
risks posed by eucalypt invasion to the conservation of
native biodiversity and ecosystem functioning and develop
alert levels and management options. We conclude that as
eucalypts occur naturally in areas with a Mediterranean
climate, they may represent a higher threat than previously
thought or recorded in invasive checklists.
Materials and methods
The widely accepted classification of alien species by Pyšek
et al. (2004) was used in this study. Casual alien plants are
defined as those that give rise only to ephemeral and occa-
sional phenomena of natural regeneration, relying on
repeated introductions for their persistence. Naturalised
plants may form self-replacing populations for at least
10 years without direct human intervention but only inva-
sive taxa are able to actively spread into new habitats, and at
considerable distances from the mother plants. To identify
Eucalyptus taxa as casual, naturalised or invasive in
Mediterranean Europe, the information available in the
most recent non-native flora databases, at European
(DAISIE 2009), national (Viegi et al. 1974; Celesti-Grapow
et al. 2010) and regional level (Raimondo et al. 2004), was
primarily considered. Other specific contributions concern-
ing the regional non-native floras, including Eucalyptus spe-
cies (e.g. Camarda et al. 2016), were also taken into account.
For Sicily, the most updated regional checklists were con-
sidered (Giardina et al. 2007; Raimondo et al. 2010), along
with other publications about non-native or ornamental
flora reporting eucalypts (e.g. Domina & Mazzola 2008).
Eucalypt natural regeneration has rarely been explicitly
cited in the main literature, either at national or regional
level. Thus, an in-depth investigation in the phytosociologi-
cal literature was carried out looking for any statement or
evidence about Eucalyptus naturalisation. Extensive research
effort was also carried out in grey literature, for instance
consulting many theses about eucalypts discussed at the
University of Palermo during recent years. Finally, all the
papers related to eucalypts cultivation in Sicily and Italy
were accessed (e.g. Ciancio et al. 1984; La Mantia 2013).
In addition to the literature and database searches, infor-
mation on the natural spread of Eucalyptus species in Sicily
was collected from data and unpublished reports from
about 20 years of field observations carried out by the
authors and other expert colleagues. For field observations,
the following standard protocol was considered:
(1) Only individuals originating from seed, at least 1 m
high (such that they are definitely established) and at
least 5 m away from the most likely mother plants
were taken into account
(2) Isolated individuals and clusters of individuals were
distinguished, the latter being composed of more
than five individuals.
Moreover, for E. camaldulensis natural regeneration sites we
distinguished the following habitats:
● Artificial/urban which included the man-made habitats
and artificial surfaces such as city walls, sidewalks, etc.
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● Maquis which included the natural vegetation aspects
characterised by Mediterranean evergreen sclerophyl-
lous shrubs and trees
● Plantation which included the afforested/reforested
sites where eucalypts were frequently used in Sicily
● Riparian which included the natural habitats charac-
terised by the presence of streams or rivers
● Roadsides which are road borders out of urban areas
with usually shallow, disturbed and erodible soils.
Taxonomic nomenclature mainly followed Brooker (2000)
and recent databases (DAISIE 2009; The Plant List 2013).
Results
Historical remarks about Eucalyptus spp. introduction
in Europe
The introductions in Europe of Eucalyptus spp. began at the
end of the 18th century, following the expeditions that led
to Captain Cook’s discovery of Australia (for more details
about the introduction history in Europe see Silva-Pando &
Pino-Pérez 2016). Eucalyptus obliqua L’Hér. was the first spe-
cies introduced, cultivated in the greenhouse at the Kew
Botanical Gardens, London, in 1774 (Aiton 1789). By the
end of the century, reports suggest that only Eucalytpus
robusta Sm. and Eucalyptus resinifera Sm. had been planted
outside at the Royal Gardens of the Royal Palace of Caserta
(Italy) in 1782 (Terracciano 1876), and in the Kew Botanical
Gardens in 1788 (Aiton 1811), respectively. Silva-Pando and
Pino-Pérez (2016), however, argued that the date of the first
planting outdoors of E. robusta in Italy should be postponed
for 10 years (1792), to be consistent with the period of
introduction at the Kew Gardens. However, Terracciano
(1876, 1880), clearly stated that E. robusta was directly intro-
duced from Australia, concurrent with the construction of
the English garden of the Royal Palace of Caserta, which
began in 1782, as also confirmed by other references (e.g.
Moggi 1957).
During the 1800s, E. globulus, Eucalyptus capitellata Sm., E.
obliqua and Eucalyptus paniculata Sm. were also introduced
to the Caserta Royal Gardens (Terracciano 1880). In the first
three decades of the 19th century, only three other eucalypt
species were introduced in Italy, namely Eucalyptus aroma-
tica (Salisb.) Domin (in 1810), Eucalyptus resinifera Sm. and
Eucalyptus saligna Sm. (both in 1812) (Agostini 1953).
Eucalyptus camaldulensis, nowadays the most widespread
species in Italy, was introduced in approximately 1832. The
‘Hortus camaldulensis’ of Naples was one of the main sites of
introduction of Eucalyptus species in Italy; at that time
already hosting ten species (Dehnhardt 1832). During the
same period, several other species were also introduced in
the northern regions of Italy, such as Piedmont, Liguria,
Tuscany and Lazio, especially in gardens, private villas and
botanical gardens exclusively for ornamental purposes
(Ciancio et al. 1984; Maniero 2000). From the second half
of the 1800s onwards, eucalypts began to be used for a
number of purposes, such as reclamation of marshes, along
railway lines, as windbreaks, as well as in the massive refor-
estation interventions mainly aimed at soil protection and
slopes stabilisation (Moggi 1957; Ciancio et al. 1984; La
Mantia 2013).
In the early 20th century, E. globulus, E. robusta and
Eucalyptus amygdalina Labill. were among the most widely
cultivated species in Italy for the balsamic and antiseptic
properties of the eucalyptol and for the reclamation of
marshlands as supposed antimalarial remedy (Paoletti
1900–1902). Twenty-three Eucalyptus species were culti-
vated in the western Ligurian Riviera, and many more
were tested as species of ornamental interest (Berger
1912). Many of these species, however, had no real eco-
nomic and commercial importance, especially in sectors
other than forestry. Subsequently, efforts were focused on
species suitable for forest use, taking into account all the
ecological constraints for the growth and survival. The
large use of Eucalyptus species in reforestation of denuded
and unstable slopes and of coastal mobile dunes of south-
ern Italy, and of Sicily in particular, facilitated the spread
of the most suitable species for protective and productive
interventions (Ciancio et al. 1984; La Mantia 2011). This
change in the prevailing purpose of the introduction
caused a significant spread of E. camaldulensis in southern
Italy (Agostini 1953), and played a prominent role in
increasing its chance of naturalisation and establishment
in semi-natural and natural habitats, with related ecologi-
cal risks.
Currently, 14 species of Eucalyptus are recognised as nat-
uralised in Europe and Italy (Table 1). Of these, however, only
half are reported in the database compiled at European level
by experts based on personal reports and, in part, on pub-
lished bibliographic material (DAISIE 2009). Three species
(Eucalyptus botryoides Sm., Eucalyptus rudis Endl. and
Eucalyptus viminalis Labill.) are reported only in Sicily, while
Eucalyptus occidentalis Endl. is found in the wild only in
Calabria and Sicily. The two most widespread species in
Europe are E. globulus and E. camaldulensis, occurring in
several countries of the Mediterranean Basin, as well as in
different Italian regions.
Table 1. Checklist of Eucalyptus spp. growing wild in Europe and Italy
Species Europe1 Italy2
Eucalyptus amygdalina × –
E. botryoides – n.s.: SICa
C: SARb
E. camaldulensis × C: ABRc, BAS, CAL, CAM, LAZ, LIG,
MOL, SAR
N: APU, SIC, TUSd
E. globulus × n.s.: APUe, BASf, SICa
C: CAL, CAM, LAZ, LIG, SAR
N: TUSd
E. gomphocephala × n.s.: SICa
C: SARb
E. gunnii Hook. f. × –
E. johnstonii Maiden × –
E. pulchella Desf. × –
E. occidentalis – n.s.: SICa
C: CAL
E. robusta × C: SARb
E. rudis – n.s.: SICa
C: SARb
E. sideroxylon × C: SARb
E. tereticornis × C: SARb
E. viminalis – n.s.: SICa
1Europe: DAISIE (2009).
2Italy: Celesti-Grapow et al. (2010), aRaimondo et al. (2010), bBacchetta et al.
(2009), cOlivieri (2015), dLazzaro et al. (2014), eMassarelli and Tomaselli
(2010), fBellotti and Mininni (2004).
C, casual; N, naturalised; n.s., not specified. Italian regions: ABR, Abruzzo; APU,
Apulia; BAS, Basilicata; CAL, Calabria; CAM, Campania; LAZ, Lazio; LIG,
Liguria; MOL, Molise; SAR, Sardinia; SIC, Sicily; TUS, Tuscany.
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The history of naturalisation events in Italy
The early signs of spontaneous reproduction from seed by
Eucalyptus species in Italy date back only to the middle of
the 20th century. During the years 1946/1949, E. camaldu-
lensis (old name E. rostrata Schltdl.) was observed to grow
spontaneously on the walls of Rome (Anzalone 1951). Later,
Puccini (1950) observed natural regeneration from seed by E.
camaldulensis, E. globulus and E. robusta in several orchards
and botanical gardens of the western Ligurian Riviera. This is
probably the first ascertained report about the naturalisation
of eucalypts under field conditions for the whole national
territory. A further confirmation of the rarity of the process
comes from Moggi (1957), who considered the possibility of
eucalypts to reproduce autonomously and to disperse seeds
in Italy to be rare and accidental. He described the area of
the ‘Fattoria Le Casette’ (Massaciuccoli, Lucca), along the
coast of the Tuscan-Lazial Maremma, as the only site in
Italy where E. camaldulensis seedlings are able to establish,
showing a good ability to naturally reproduce.
Afterwards, the Italian checklist of non-native flora by
Viegi et al. (1974) reported naturalised E. camaldulensis, E.
globulus and E. robusta, and another 16 Eucalyptus species as
only cultivated. However, scrutiny of the references listed in
the checklist raises doubt about the effective invasive status
reached at that time by these species at the national level.
Most of the bibliographic references clearly refer to indivi-
duals cultivated for ornamental purposes, for protective
afforestation/reforestation (Arrigoni 1964; Fenaroli 1970) or
for phytoalimurgic use (Catanzaro 1968). In some cases, the
explicit statement that spontaneous individuals are present
is lacking, leaving the strong suspicion that they were only
cultivated (Pizzolongo 1960; Fabbri 1963). Hence, the only
explicit early references to natural regeneration from seed
remain those of Puccini (1950) and Moggi (1957).
Pignatti (1982, p. 149) stated in the Flora of Italy (our
translation): ‘They are able to set seeds, at least in limited
quantities, but seedlings coming from spontaneous seed
dispersal are not observed in the wild; therefore, this genus
does not tend to become naturalised in Italy, and its persis-
tence is conditioned by man’. However, at the same time,
evidence of naturalisation was observed in some experimen-
tal plots of E. camaldulensis and E. globulus in inland areas of
Sicily, and at Badia di Paola (Cosenza) in Calabria (Ciancio
et al. 1984). Spontaneous seedlings were later reported
within areas reafforested with E. occidentalis in Calabria
(Cantore et al. 1994) and E. camaldulensis in Sardinia
(Mossa et al. 1996). Importantly, the first of these reports
(Cantore et al. 1994) anticipated the date of the first obser-
vation of natural regeneration by E. occidentalis in Italy
(Caruso 2007). Most of the reports of naturalisation events
by Eucalyptus species are from the last 20 years, and mainly
refer to E. camaldulensis, in part to E. globulus, and only
marginally to E. occidentalis.
Campania, one of the leading Italian regions for the
introduction of eucalypt taxa in Europe, has also been one
of the most affected by naturalisation processes. There,
eucalypts invaded both ruderal habitats, uncultivated lands,
railway embankments and afforestations, but also natural
habitats and riparian vegetation (Stinca et al. 2015; and
references within; De Natale & Strumia 2007). In similar forest
habitats, E. globulus was found growing in the wild in Lazio
(Anzalone et al. 2010). Interpretations of the naturalisation of
eucalypts in Italy are often conflicting and confused. For
example, two recent checklists of alien plants in Sardinia
have reported different results. Bacchetta et al. (2009)
included eight species (E. botryoides, E. gomphocephala,
Eucalyptus tereticornis Sm., E. rudis, Eucalyptus sideroxylon A.
Cunn. ex Woolls and E. robusta) as casual, and E. camaldu-
lensis and E. globulus as naturalised. In contrast, the regional
alien flora by Camarda et al. (2016) considers only E. camal-
dulensis and E. globulus as casual.
Conflicting results have also been found for Tuscany. The
Italian checklist of non-native flora (Celesti-Grapow et al.
2010) did not report any Eucalyptus species for that region,
consistent with the opinion by Arrigoni and Viegi (2011),
who considered the chance of naturalisation by E. camaldu-
lensis in the region as very low. However, E. camaldulensis
and E. globulus have been subsequently reported as natur-
alised on some islands of the Tuscan archipelago (Lazzaro
et al. 2014). Some reports note that eucalypts are considered
worthy of protection from the spread of other non-native
taxa, in particular pathogenic insects, because of their recog-
nised landscape and ornamental value (Giannini et al. 2013).
The review of this recent literature points out the com-
plexity of the issues related to alien species management of
species such as eucalypts, which may play an important
ecological and landscape role in some environmental con-
texts, but, at the opposite, may represent a serious threat to
native biodiversity, especially in riparian habitats.
The history of naturalisation of Eucalyptus species in
Sicily
The first introductions in Sicily of Eucalyptus species began
almost 40 years after the introductions in Italy, dating back
to the 1820s (Agostini 1953; Table 2). Eucalyptus capitellata,
E. resinifera, E. robusta and Eucalyptus piperita Sm. (old name
E. scabra Dum. Cours.), present in 1821 at the Royal Garden
of Boccadifalco near Palermo (Gussone 1821), were the first
introduced species. Eucalyptus globulus was probably intro-
duced between 1863 and 1868, being, respectively, absent
(Todaro 1862) and present (Todaro 1868) among cultivated
taxa within the Botanical Garden of Palermo. Ostinelli (1910),
conversely, would bring the introduction of this species back
to 1810; the first occurrence of a eucalypt species in Sicily.
However, there is no other evidence to corroborate this
hypothesis. At the end of the 19th century, nine species of
Eucalyptus were cultivated at the Botanical Garden of
Palermo (Borzì et al. 1900).
Eucalypts were soon regarded as promising and multi-
purpose trees (Direzione dell’Orto Botanico di Palermo
1908), useful for timber production (E. camaldulensis and E.
viminalis), extraction of tannin dye (Eucalyptus diversicolor F.
Muell.) and for aromatic and balsamic essences (E. amygda-
lina, Eucalyptus citriodora Hook. and E. globulus). Eucalypts
were widely used in Sicily in reforestation and the establish-
ment of hedges along railway tracks; such activities have
been carried out since 1880 by the Italian State Railways,
mainly using E. camaldulensis and E. occidentalis (Moggi
1957). Due to their pioneer nature, rapid initial growth and
marked resistance to drought, eucalypt plantations, espe-
cially after World War II, were largely established in Sicily
for protective reforestation interventions, particularly in mar-
ginal and agricultural abandoned areas (La Mantia 2013). As
a consequence, the area covered by eucalypts in Sicily was
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significantly increased. According to the most recent regio-
nal forest inventory, eucalypt plantations occupy an area
close to 40 000 ha, equal to more than one third of the
total area occupied by plantations and approximately to
15% of the area covered by forests in Sicily (Camerano
et al. 2011).
The early naturalisation signs of eucalypts in Sicily were
observed in the early 1980s in the E. camaldulensis and E.
globulus reforestations of Piazza Armerina (Enna province)
(Ciancio et al. 1984; Table 3). Natural regeneration from seed
was not particularly abundant, having been considered
insufficient to replace, from the productive point of view,
the coppice shoots originated from the decaying stumps.
More than 10 years later, some young individuals of E.
camaldulensis were found in a reforestation near the
‘Gorgo di Santa Rosalia’, a little temporary pond on Mount
Pellegrino near Palermo (Naselli Flores et al. 2002). Only four
other reports about E. camaldulensis have been found in
literature, but they often lack specific information on
affected habitats and level of spread. As far as E. globulus is
concerned, in addition to the report by Ciancio et al. (1984),
Cavarretta and Saporito (1998) observed natural regenera-
tion within a pure plantation in Enna province. The authors
also stated that it was one of the few areas where such
natural processes had been noted in Sicily. More recently,
Licandro et al. (2011) have included this species in the
floristic list of the Nature Reserve ‘Laghetti di Marinello’
(Messina province). No other geographically explicit refer-
ence to naturalisation cases of Eucalyptus in Sicily was
found. Indeed, E. botryoides, E. gomphocephala, E. occidenta-
lis, E. rudis and E. viminalis are reported as rarely naturalised
in Sicily by Giardina et al. (2007), but specific information is
not given. Also, such eucalypt taxa have never been
reported in Italian literature (Table 3), as well as during
personal field observations by the authors, except E. occi-
dentalis (Table 4).
A summary of the regional locations where spontaneous
eucalypt individuals were observed, is provided in Table 4.
The rather frequent observation of seedlings along roadsides
seemed to confirm the consideration by Florence (1996, p.
146): ‘the undisturbed floor of the eucalypt forest is not
suitable for the establishment of seedlings’. However, natural
regeneration within reforestations has been observed with
increasing frequency, indicating a stark acceleration of the
invasive process in Sicily. The results of field observations
collected over 30 years suggest that three species have
naturalised in Sicily (sensu Pyšek et al. 2004): E. camaldulen-
sis, E. globulus and E. occidentalis. Up to now, they do not
seem able to actively spread a great distance from the
introduction areas so they cannot be considered invasive.
However, the observations indicate that within riparian habi-
tats E. camaldulensis should be regarded as locally invasive.
Eucalyptus botryoides, E. gomphocephala, E. rudis and E. vimi-
nalis, reported in the two most recent checklists of regional
flora (Giardina et al. 2007; Raimondo et al. 2010), could be
prudentially considered as casual, because information
about the sites of spontaneous reproduction is still lacking.
The naturalisation of Eucalyptus species in Sicily: an
ecological overview with a special focus on Eucalyptus
camaldulensis
The three naturalised species of Eucalyptus in Sicily have
reached hitherto different levels of spread, showing signifi-
cant differences in the spatial and temporal dynamics of the
respective invasive processes. The natural spread of E. glo-
bulus is currently very limited, as it is only found within
reforestations and anthropic habitats. Eucalyptus occidentalis
is exclusively used in plantations, where it naturally occurs
with a relatively high frequency. For this species it is impor-
tant to monitor its demographic trend and its ability to
invade protected natural areas. The naturalisation and
spread of E. camaldulensis is, however, probably of most
concern. More than 50 unpublished sites of naturalisation
of Eucalyptus spp. have been reported in Sicily (Table 4), and
more than 85% of the new records involve E. camaldulensis,
particularly from 2010 onwards (Fig. 1).
Eucalyptus camaldulensis shows a large ecological plasti-
city and is mainly found in the central and north-western
sectors of the island (Fig. 2). It has mainly invaded synan-
thropic habitats, such as roadsides, urban sites and planta-
tions, together accounting for about 80% of the total
records. However, the remaining 20% of the records are in
natural and semi-natural communities, particularly riparian
native vegetation belonging to the phytosociological classes
Salicetea purpureae Moor and Nerio-Tamaricetea Br.-Bl. & O.
Bolòs (Fig. 3). This spread mainly affects the natural flood-
plains of watercourses with an irregular or seasonal flow,
which are prevalent in the Mediterranean and Sicily. Here,
E. camaldulensis seems to find ideal conditions for
Table 2. Native range and introduction date of the most common Eucalyptus species occurring in Sicily
Species Native range Introduction date in Sicily (reference)
Eucalyptus amygdalina Tasmaniaa 1899 (Borzì et al. 1900)
E. botryoides SE Australiab Around 1927 (Moggi 1957)
E. camaldulensis Australia (widespread)b 1903 (old name Eucalyptus rostrata; Borzì et al. 1904)
E. diversicolor Western Australiac 1908 (Direzione dell’Orto Botanico di Palermo 1908)
E. diversifolia Western Australiac 1827 (Tineo 1827)
E. globulus SE Australia, Tasmaniab 1863–1868 (Todaro 1862, Todaro 1868)
E. globulus subsp. maidenii (F.Muell.) J.B.Kirkp. SE Australiab Around 1927 (Pavari & De Philippis 1941)
E. gomphocephala SW Australiab Around 1925–1926 (Moggi 1957)
E. occidentalis Western Australiac 1913 (Borzì et al. 1914)
E. resinifera E Australiab 1821 (Gussone 1821)
E. robusta E Australiab 1821 (Gussone 1821)
E. rudis Western Australiac Around 1927 (Pavari & De Philippis 1941)
E. viminalis S and E Australia, Tasmaniab 1875 (Todaro 1875)
E. × trabutii Trabut Hybrid of Algerian originb Around 1949 (Moggi 1957)
aKirkpatrick and Backhouse (2007).
bBurges (1968).
cWestern Australian Herbarium (1998).
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establishment and spreads especially along river shores and
banks, according to its ecological requirements (Di Stefano
2002; Catelotti et al. 2015). Three significant cases of E.
camaldulensis invasion in watercourses have been observed.
In the valley of ‘Imera settentrionale’ River, along the Palermo-
Catania motorway, the naturalised E. camaldulensis individuals
tend to stand out isolated and dominant, except for some resi-
dual tracts where the riparian vegetation is still dominated by
nativepoplars (Populus nigra L. andPopulus alba L.). In themiddle
stretch of the river there are now dozens of naturalised indivi-
duals. Direct field observations allowed us to appreciate the
abundant seed production by mature eucalypt individuals, as
well as the tendency of seedlings and saplings to become estab-
lished and dominant. Natural regeneration is particularly abun-
dant downstream of mature individuals about 20 years old,
having diameters at breast height ranging from 30 to 50 cm. In
this study site, E. camaldulensis competes with a number of
native species such as P. nigra, Spartium junceum L., Nerium
oleander L., and Calicotome infesta (C. Presl) Guss. subsp. infesta.
Eucalyptus camaldulensis seedlings also tend to invade the river
terraces, where they compete with Helichrysum italicum subsp.
siculum (Jord. & Fourr.) Galbany, L. Saèz and Benedì. It is note-
worthy that other non-native woody species are spontaneously
reproducing in the same habitat, namely Acacia saligna (Labill.)
H.L. Wendl. and Sesbania punicea (Cav.) Benth., both showing
invasive tendencies.
Along the Castelbuono torrent, many naturalised E.
camaldulensis individuals, more than 20 m high and about
15–20 years old, were observed. In this watercourse, E.
camaldulensis competes with many native riparian species
such as P. alba, Populus × canescens Aiton (Sm.), P. nigra,
Salix pedicellata Desf., Salix alba L., Salix purpurea L., and
Fraxinus angustifolia Vahl.. With its columnar-assurgent pos-
ture, E. camaldulensis competes for light with the largest
poplars, but it seems to overcome and dominate all the
other woody species, especially in the meanders. Its spread
here is of particular concern because the local native flora is
quite diversified by the presence of F. angustifolia, Tamarix
africana Poir. and Bupleurum fruticosum L.
In the Alcantara River, the occurrence of isolated mature
Eucalyptus individuals, reaching heights up to 12–15 m after
about 10–15 years, is appreciable also at a great distance, espe-
cially where the river bed spreads out and a pebbly shore
emerges. Eucalyptus camaldulensis is established in the upper
part of the river basin,where its spreaddirectly threatenspeculiar
aspects of native riparian vegetation dominated by Alnus gluti-
nosa (L.) Gaertn., such as the priority habitat ‘91E0*—Alluvial
forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion,
Alnion incanae, Salicion albae)’, in accordance with the Habitats
Directive EEC/92/43.Alnus glutinosa is rare and in decline in Sicily,
where its natural distribution is currently limited to few stations
in the Peloritanimountains (LaMantia & Pasta 2004). In the valley
of highAlcantaraRiver, thewatercourse assumes theappearance
of a so-called ‘Fiumara’, and the clear water supports one of the
most preserved populations of A. glutinosa in Sicily.
In the investigated habitats, E. camaldulensis is actively
replacing native tree species, significantly altering the local
plant communities and ecosystem functioning (Richardson
et al. 2007; Tererai et al. 2013). Riparian habitats, with each
flood event providing new ecological niches, appear to ben-
efit invasive alien species over native species (Hood &
Naiman 2000; Catry et al. 2015). Eucalyptus camaldulensis
shows a great ability to exploit disturbed areas throughTa
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rapid early growth rates (Fernandes et al. 2016), as it does in
its native range (Sena Gomes & Kozlowski 1980; Di Stefano
2002). Also, the allelopathic effects of tissues, soil and litter
should be considered for their potential role in inhibiting
native co-occurring species (Ruwanza et al. 2015). The flood
events, which occur during the winter and spring seasons,
may almost completely eliminate even the herbaceous plant
communities, making large tracts of the river particularly
exposed to E. camaldulensis invasion. It is likely that E.
camaldulensis may grow faster than native co-occurring
riparian species in Sicily, and this is one of the biological
traits which may explain its invasive character in Sicily.
However, whether or not there is a primary mechanism
underlying its successful invasion of native riparian habitats
is currently unknown.
Discussion and conclusions
The bibliographic and field surveys carried out allowed us to
provide an account of the history of Eucalyptus spp. intro-
duction, naturalisation and invasion in Europe, particularly
Table 4. New records of naturalisation cases of Eucalyptus spp. in Sicily
Speciesa Locality (Province)b Date and observerc Demographyd Habitat
EC Many localities (CL) 1980s–1990s—ADM i Roadsides
Terrasini, locality Pietre Cadute (PA) 1998—TLM i Maquis
Bosco Magaggiaro, Menfi (AG) 2000—TLM i Plantation
Cattolica Eraclea (AG) 2000—TLM i Plantation
Rupe Atenea, archeological area of Agrigento (AG) 2001—TLM n Plantation
Pietraperzia, exit to Caltanissetta (EN) 2001—SP i Roadsides
Terrasini (PA) 2001—SP i Roadsides
Demanio Raffo Rosso, Piazza Armerina (EN) 2002—TLM n Plantation
Agrigento (AG) 2002—TLM i Roadsides
Mimiani (CL) 2005—TLM i Artificial surface (a top of a building)
Nature Reserve ‘Monte Capodarso e Valle dell’Imera
Meridionale’ (CL)
2006—BM i Artificial surface (a truck)
Alcantara River, Francavilla di Sicilia (ME) 2009—VI n Riparian
Castelbuono torrent, Castelbuono (PA) 2010—VI n Riparian
Imera Settentrionale River (PA) 2010—VI n Riparian
Santa Cristina Gela, Ferrovia Est Street (PA) 2012—EB i Roadsides
SE slope of Mount Gibilmesi (‘SS186ʹ highway to Pioppo) (PA) 2014—EB i Roadsides
NW slope of Mount Cuccio (‘SP3bis’ road to Torretta) (PA) 2014—EB i Roadsides
Nelson Castle at Maniace, Bronte (CT) 2015—EB n Riparian
Calatrasi Bridge near Roccamena, Monreale (PA) 2016—EB i Riparian
Scanzano Reservoir (PA) 2016—TLM i Roadsides
Palermo, Ottavio Ziino Square (PA) 2016—AT i Urban
Marineo, ‘SP26ʹ road to Godrano (PA) 2016—AT i Roadsides
Imera Meridionale River, near the Trabia/Tallarita mine (CL) 2016—AT n Riparian
Scillato exit (‘A19 PA-CT’ motorway) (PA) 2016—EB and TLM i Roadsides
Resuttano exit (‘A19 PA-CT’ motorway) (CL) 2016—EB and TLM i Roadsides
Rise to Enna (EN) 2016—EB and TLM i Roadsides
Piazza Armerina (EN) 2016—EB and TLM i Roadsides
Near Mazzarino (around 10 km) (CL) 2016—EB and TLM i Roadsides
Altofonte, road to Piana degli Albanesi (PA) 2016—TLM i Roadsides
Edge of the Piana degli Albanesi Lake (PA) 2016—TLM i Riparian
Entrance to Sciacca (AG) 2016—EB and TLM i Roadsides
Near the Poma Lake (PA) 2016—EB and TLM i Roadsides
Exit to Irosa (‘A19 PA-CT’ motorway), above the gallery (PA) 2016—TLM i Roadsides
‘A29 Palermo-Mazara del Vallo’ motorway near the exit of
Segesta (TP)
2016—TLM i Roadsides
Imera Meridionale River after Scillato (PA) 2016—TLM n Riparian
Catania industrial area near the airport (CT) 2016—TLM i Roadsides
Along the ‘SP4ʹ road between Nicolosi and Pedara (CT) 2016—TLM i Roadsides
Along the ‘SS284ʹ highway near Adrano (CT) 2016—TLM i Roadsides
‘A29 Palermo-Mazara del Vallo’ motorway near the exit of
Castellammare del Golfo (TP)
2016—TLM i Roadsides
‘Paolo Giaccone’ general hospital, Palermo (PA) 2016—DC i Host tree (epiphyte)
‘Giovanni Di Cristina’ Children’s Hospital, Palermo (PA) 2016—DC i Urban wall
Vito Cesare Piazza Street, Palermo (PA) 2016—DC i Urban
Along the ‘SS264ʹ (Palermo-Sciacca) and in the Belice River 2016—TLM and EB i Roadsides and Riparian
Sant’Agata di Militello exit (‘A20 PA-ME’ motorway) (ME) 2017—TLM i Roadsides
San Fratello (ME) 2017—TLM i Roadsides
Birgi (TP) 2017—TLM i Roadsides
EG Piazza Armerina (EN) 2000—TLM n Plantation
San Lorenzo (PA) 2002—SP i Stonewall near abandoned citrus orchards
EO Campofranco, Demanio Spagnolo (CL) 1999—TLM n Plantation
Comitini (AG) 1999—TLM n Plantation
Aragona, Demanio Pizzutello (AG) 2000—TLM n Plantation
Rupe Atenea, archeological area of Agrigento (AG) 2001—TLM n Plantation
Nature Reserve ‘Lago Preola e Gorghi Tondi’, Mazara del Vallo
(TP)
2012—SP n Plantation
Nature Reserve ‘Foce del Fiume Platani’ (AG) 2016—EB and TLM n Plantation
aEC, Eucalyptus camaldulensis; EG, E. globulus, EO, E. occidentalis.
bAG, Agrigento; CL, Caltanissetta; CT, Catania; EN, Enna; ME, Messina; PA, Palermo; TP, Trapani.
cADM, Angelo Dimarca; AT, Angelo Troia; BM, Bruno Massa; DC, Dario Cusimano; EB, Emilio Badalamenti; SP, Salvatore Pasta; TLM, Tommaso La Mantia; VI,
Vincenzo Ilardi.
di, isolated individuals, n, nucleus/nuclei (more than five individuals).
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Italy and Sicily. Some of the recently observed cases need to
be monitored and controlled as the spread of these alien
species may represent a serious threat to the stability and
integrity of native plant species and riparian phytocoenoses
in the region.
Eucalypts have been planted worldwide for a number of
purposes, significantly increasing the probability that they
would become invasive somewhere (Lambdon et al. 2008).
The propagule pressure, another key factor in the invasive
process, has been high and continuous over time (Von Holle
& Simberloff 2005). As some eucalypt taxa are well adapted to
Mediterranean climates, their naturalisation was not unex-
pected. However, a rather long lag phase occurred between
the early introductions to different regions and the early signs
of naturalisation (Aikio et al. 2010). For about a century and a
half, the ecological conditions needed for viable seed produc-
tion and for the survival and growth of Eucalyptus seedlings
outside areas of cultivation were lacking. The invasive process
has significantly acceleration in the last 10–20 years, as shown
by the progressive increase of the records we collected in this
study. This trend may be due to the increasing attention to the
issue of biological invasions and their potential negative eco-
logical effects, both at national and European level. However,
Eucalyptus species effectively started to naturally reproduce
and spread in Italy in recent decades, showing invasive
dynamics very different from those of other non-native inva-
sive woody plants which naturalised very quickly, such as
Ailanthus altissima (Mill.) Swingle (Badalamenti et al. 2015).
The results of this review indicate that the naturalisation
and invasive nature of E. camaldulensis in Sicily warrants
Figure 2. ‘Natural’ distribution of Eucalyptus spp. in Sicily
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Figure 1. Temporal accumulation of records (see Table 4) of natural establishment of Eucalyptus camaldulensis (EC), E. globulus (EG) and E. occidentalis (EO) in
Sicily
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significant management consideration. After about two cen-
turies of cultivation, E. camaldulensis is now showing clear
invasive behaviour in the pebbly shores of watercourses that
have a torrential regime and unstable substrates, where it
may replace the local flora. It is unclear if this recent ‘switch’
towards invasion can be related to climatic changes, or to
other abiotic or biotic factors; further investigation is
needed. Of concern is the increasingly frequent and wide-
spread observation of naturalised individuals in natural and
semi-natural habitats. Despite this, Eucalyptus spp. are not
listed among the invasive alien species capable of threaten-
ing native riparian habitats of unique conservation interest,
despite their recognised vulnerability to plant invasions by
other alien species (Angiolini et al. 2016). The information
gathered in this review suggests that E. camaldulensis should
be included among the potential threats to Mediterranean
riparian habitats conservation, typically characterised by sea-
sonal water runoff and fluctuation of available resources. In
the absence of appropriate management and control strate-
gies, the negative ecological effects of the natural spread of
Eucalyptus species in Sicily, still largely unknown and prob-
ably underestimated, are bound to be considerable and
long-lasting.
The control of E. camaldulensis is a difficult task to achieve,
especially in long-time invaded areas where this species has
become established and is outcompeting native coexisting
species. The riparian habitats are difficult environments where
the implementation of management intervention is complex.
However, the adoption of an integrated management strat-
egy may enable the control of this invasive species, as applied
to other invasive species (Badalamenti & La Mantia 2013).
Such a strategy would include effective early detection and
prompt eradication of E. camaldulensis in watercourses
throughout the region followed by permanent monitoring,
especially where eucalypt plantations are localised near
watercourses. Also, the localised removal of mother plants
established along riverbanks in the dry season may prevent
seed entering the river, thus slowing down the overall inva-
sive process.
The numerous unpublished reports concerning riparian
habitats, highlight the urgent need to further investigate
and analyse the invasion process by eucalypts and to assess
the potential negative ecological impacts due to their
uncontrolled spread. More attention should be paid to spe-
cies that may reveal invasive behaviour in the near future,
also in light of the ongoing climate change and of their
large-scale occurrence in the Mediterranean Basin, including
the southern and insular regions of Italy.
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